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Abstract 
The method and equipment for determining the mechanical properties of different road bitumen were developed in KhNAHU. 
The method has three schemes of deformation and fracture of binders, which are located in thin layers. As a result, the following 
quality parameters of bitumen can be defined: the limiting tensile strength, specific energy fracture, the limiting shear strength 
(cohesive strength) and the glass transition temperature. The paper shows the dependence of these parameters on the change in 
thickness of bitumen films, the strain rate (load) and temperature. Information about the cohesive strength of asphalt with 
different viscosities and different structural types (“Sol” “Gel” and “Sol-Gel”) is shown here. Bitumen composition has different 
influence on its strength, so comparisons of cohesive binder properties with the same consistency were made. 
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1. Introduction 
The adjustment of asphalt concrete mechanical and structural properties is associated with research of its 
components, including bitumen. Strength and durability of asphalt concrete depend on strength of a binder material 
to a large degree. Also, the strength of bitumen is practically defined by its cohesion.  
The researches of bitumens and bituminous binders cohesive strength are generally carried out using 
CEN EN 13588. Modification bitumens are tested as usual (Hunter 2000; Airey et al. 2001). However there are no 
data which could show the value dependence of cohesion on binder structure. 
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In general, cohesion is an adhesion of homogeneous molecules, atoms or ions inside the material. It includes 
all types of attraction. Cohesion of bitumen is difficult to determine because it is a multi-component material with 
a complex permolecular structure. It hasn’t a boiling point. 
The energy of cohesion is estimated by a reversible isothermal energy of rupture in the body by section, which is 
equal to one square. The cohesive rupture energy consists of cohesion work and the work of deformation: 
W = Wcoh + Wdef. If there is a deformation, this property is rheological. 
2. Research method 
Two schemes of deformation were used in this work: 
• Test of a gradual rupture of the strong elastic strips which are glued by bitumen.  
 
 
 
A specific energy of rupture W and tensile index σ (Moskvitin 1974) can be defined:   
 
SS
WoW ω== , 
b
maxσ
σ = ,  (1) 
 
where W0 – energy of rupture; ω – area of stress-strain curve, S – cross-sectional area; σmax – force, b – width. 
• Testing of the shear (plane-plane).  
 
 
 
The ultimate shear strength can be determined: 
s
maxσ
τ = ,  (2) 
where S – area of bitumen. 
KhNAHU cohesion meter consists of a mechanical device and electrical equipment. The main feature of the new 
method is a device, which consists of high-elastic polymer strips which are glued by binder. One strip is attached to 
a device for moving, the second one is attached to the strength meter (Fig. 1). 
 
 
Fig. 1. Definition of cohesive strength with a constant shear speed. 
Strain Measurement  
System  
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Deformation of binding takes place with a constant preset speed. Thus, in the process of testing, bitumen is in the 
same physical condition. It is impossible to compare data from different binders without this. The measurement 
result records on force-deformation diagram. The mechanical device is located in the refrigerator where the 
temperature is maintained: –30 … + 20 °С. 
If the strain rate is increased or the test temperature is decreased, the cohesive rupture becomes mixed or 
adhesive. To exclude this effect, the other (rough) strips were used. 
3. Results 
The cohesive properties of various bitumen viscosities were studied. It has different structural type and different 
thickness. When thickness is bigger than 200 μm, dependence is linear (Fig. 2). Linear extrapolation to zero 
thickness gives the cohesion work. For all further studies, the thickness of 200 μm was chosen. 
 
 
Fig. 2. Dependence of the specific rupture energy on the thickness of bitumen (the rupture speed: 1 – 0.023 mm/s; 2 – 0.055 mm/s). 
Tensile strength depends on strain rate. The increase of cohesive strength can be explained by relaxation 
processes. The proportion of elastic deformation increases in comparison with fluid one. This dependence is linear 
in logarithmic coordinates. More viscous bitumen has the higher cohesion (Fig. 3). In case of viscosity increase the 
angle of the lines decreases. It can be characterized by flexibility of binder.  
 
 
Fig. 3. Dependence of the limiting tensile strength on the strain speed (1 – BND 40/60; 2 – BND 60/90; 3 – BND 90/130; 4 – BND 130/200). 
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Different types of bitumen (Gel, Sol, Sol-Gel) are received for research and they prepared from one raw material 
and have the same penetration. The main standard properties are presented in the Table 1. 
Table 1. Standard properties and composition of different bitumen types. 
Properties and composition Bitumen 12 Bitumen 32 (BND 60/90) Bitumen 22 
Penetration at 25 °C (P25), 0.1 mm 67 67 66 
Softening temperature (Тs), °C  50 48 47 
Fragility temperature (Tf), °C  –23 –22 –18 
Penetration index (PI) –0.5 –1.0 –1.4 
Hydrocarbons (H), %: 
Paraffin-naphthenic  
Mono-cycle-aromatic  
Bi-cycle-aromatic  
Poly-cycle-aromatic   
43.3 
15.1 
4.1 
24.1 
– 
42.6 
13.0 
5.7 
23.9 
– 
38.9 
12.2 
3.7 
23.0 
– 
Resins, %: 
Petroleum-benzole (PBT)  
Alcohol-benzole  
31.5 
16.7 
14.8 
33.3 
17.9 
15.4 
38.0 
20.1 
17.9 
Asphaltenes, %  25.2 24.1 23.1 
Ratio PBT/H  0.39 0.42 0.52 
Type of structure  Gel Sol – Gel Sol 
 
Their group hydrocarbon composition was indentified. The content of asphaltenes is not very different for these 
bitumens. However, “Sol” bitumen has a higher granularity of the dispersion medium by 30 percent (the ratio of 
light tar to hydrocarbon). 
Bitumen cohesion of different types shows that “Sol” bitumen has the highest strength at 20 °C, the “Gel” 
bitumen has lower one. “Sol-Gel” bitumen has an intermediate value of cohesion. It is explained by a high content 
of tar components in bitumen 22 (Fig. 4). 
 
 
Fig. 4. Cohesive strength of different bitumen types (bitumen:  1 – 12; 2 – 22; 3 – 32). 
Temperature dependence of the bitumen cohesion has a peak value within the limits of temperature  
–30…+20 °С (Fig. 5). The mechanical glass transition temperature is a temperature, which corresponds to the 
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maximum strength. Increase in the deformation rate shifts the value of Tg to lower temperatures. If the strain rate 
varies tenfold, changing in the glass transition temperature is 6–7 °С. It is determined by the activation energy of 
glass transition process. 
 
 
Fig. 5. Effect of temperature on cohesive strength (shear speed, s–1: 1 – 0.08; 2 – 1.0; 3 – 10). 
Bitumen cohesion of different marks, but one structural type, show their identity with the offset curves on the 
temperature scale (Fig. 6). Maximum values of cohesion for these bitumens are the same – 2 MPa.  
Different types of bitumen have different maximum strength. “Sol” bitumens have the higher strength when its 
cooled to the glass transition temperature. “Gel” bitumens have the higher strength below the glass transition 
temperature, as dispersion medium of these bitumens is less structured (Fig. 7). 
If the glass transition temperature is taken as the temperature of the cast, the generalized dependence can be 
obtained. “Sol” bitumen has lower strength values below the glass transition temperature, due to large internal 
stresses in their irregular structure. 
All temperature dependence of the bitumens strength are similar to the dependence of asphalt concrete. Thus, the 
bitumen has a major influence on the strength and rheological properties of asphalt concrete. 
 
 
 Fig. 6. The bitumens of different Fig. 7. Effect of temperature on cohesive strength  
 penetration. (bitumen: 1 – 12; 2 – 22; 3 – 32).  
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The research of plasticized bitumens is shown in the Table 2.  
Table 2. Plasticized bitumens. 
Properties BND 40/60 + 6% 
saturated oil 
BND 40/60 + 3% 
aromatic oil 
BND 60/90 + 2% 
paraffin 
BND 60/90 + 4% 
petrolatum 
P25, 0.1 mm 74 75 58 71 
Тs, °C  53 50 49 49 
Tf, °C  –28 –24 –27 –27 
τ  at 20 °C, MPa 0.119 0.117 0.125 0.112 
τ  at –20 °C, MPa 1.2 1.0 0.7 0.8 
Tg, °C –12.5 –11.5 –7.5 –9.0 
 
Saturated hydrocarbons and aromatic hydrocarbons were added to the bitumen in amount that provide about the 
same penetration, with the exception of additions of paraffin. The lowest glass transition temperature and the highest 
strength at low temperatures are observed in the bitumen with the addition of a paraffinic hydrocarbon. It is 
corresponded to the data of “Gel” bitumen. When paraffin structures bitumen, penetration reduces, but bitumen is 
plasticized at the same time. For example, structure-forming additives (Likomont and Sasobit, Fig. 8) reduce the 
cohesion of bitumen for the binder of the same viscosity (Zolotarev et al. 2009).  
The mineral powders with the same dispersion were used for research. Granularity of bitumen was the same. At 
negative temperatures, cohesive binders with quartz mineral powder are higher by 20% then the limestone powder 
(Fig. 9). The adsorption effect of different bitumen components by a surface of the mineral material takes place. 
 
   
 Fig. 8. Cohesion of bitumen  Fig. 9. The bitumen with a filler  
 with wax additives. (1 – quartz; 2 – limestone; 3 – without filler). 
The modification of bitumen by polymer leads to increased cohesion and changes the shape of the curve in the 
diagram force-deformation. Such binders with the same penetration (same brand) have the same cohesion (Table 3).  
The definition of cohesive strength by different methods gives comparable results for bitumens with or without 
polymer modification.  
Cohesive strength of bitumen has effect on the strength asphalt concrete, especially at high technologic 
temperatures. The correlation dependence between cohesion of bitumen and shear strength of the asphalt concrete is 
linear and dense. 
A prototype of cohesion meter was developed under the program “Super Pave”. The results (Babcock et al. 2008) 
are agreed with KhNAHU results. The define method of cohesive strength (KhNAHU) is patented in Ukraine (PU 
63201). 
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Table 3. The effect of SBS polymer content on cohesive properties of bitumens. 
Binder Content SBS, % P25, 0,1мм Тs, °С τ, МПа 
BND 130/200 0 174 41.3 0.0407 
3 114 46.4 0.0767 
6 72 79.2 0.1017 
10 49 95.4 0.2217 
BND 90/130 0 89 46.6 0.0773 
3 67 54.3 0.1295 
6 48 76.6 0.2170 
BND 40/60 0 50 54.9 0.2043 
3 41 62.8 0.2418 
6 34 84.6 0.3264 
4. Conclusions 
The cohesive strength is a sensitive indicator of the mechanical properties of bitumen with the same consistency 
in respect of its structure. The introduced method was included in the standard of Ukraine on bitumen which is 
modified by polymers. 
References 
Airey, G. D.; Collop, A. C. and Singleton, T. M. 2001. Rheological and Cohesive Properties of Bitumen Cured in Crumb Rubber. Proceedings of 
the International Symposium – Recycling and Reuse of Used Tyres, p. 281–298, Dundee. 
Babcock, G.; Statz, R; Larson, D. 2008. Study of Asphalt Binders using Lap Shear Bonds. DuPont de Nemours Inc., Wilmington, Delaware. 15 p.  
CEN EN 13588. 2004. Bitumen and bituminous binders – Determination of cohesion of bituminous binders with pendulum test. 
Hunter, R.N. 2000. Asphalts in Road Construction. Thomas Telford Ltd, London. 569 p. 
PU 63201. 2011. Patent of Ukraine. Koheziometr. Kyiv. 7 p. 
Золотарев, В. А.; Пыриг, Я. И.; Галкин, А. В. 2009. Особенности влияния парафиновых добавок на технические свойства вязких 
дорожных битумов [Zolotarev, V. A.; Pyrig, J. I.; Galkin, A. V. Features of Influence of Paraffin Additives on Technical Properties of 
Viscous Road Bitumen], Наука и техника в дорожной отрасли 1: 13–17. Mосква: МАДИ. 
Москвитин, Н. И. 1974. Физико-химические основы процессов склеивания и прилипания. [Moskvitin N. I. Physical-chemical fundamentals 
of adhesion and bonding] Mосква: Лесная промышленность. 192 с. 
